Introduction
The benefits from improved accessibility to input and output markets has been given a theoretical basis thanks to the new economic geography literature (Fujita et al., 1999) .
One of the implications derived from this literature is the new insights provided to the evaluation of transport investment appraisal. In the presence of market failure, conventional user benefit measures give an incomplete picture of the benefits derived from the new infrastructure.
Venables (2007) develops a model of urban economics where additional benefits from transport investments derives from the fact that infrastructure increases the size of agglomeration by improving accessibility. The presence of increasing returns to the size of agglomeration in such scenario allows for additional benefits due to additional productivity gains that, it is claimed, should be included in the appraisal exercise. As Graham (2007) puts it, the estimation of the effects of agglomeration and accessibility to agglomeration on productivity should become an input for transport appraisal studies.
This paper contributes to the empirical literature on the effects of agglomeration and accessibility on productivity. Specifically, our purpose is to contribute to the debate about the way in which accessibility affects the performance of firms by looking at the case of Spain. In the last three decades, several ambitious road investment programs have been implemented in Spain. Our analysis starts in 1995 when the first motorway plan, started in 1985, was completed and Spain reached a good level of road infrastructures by European standards. Nonetheless, the investments in motorways continued over the following years at a similar rate, which maintained the pace of the previous years. Our aim is to assess whether the improvements in accessibility as a result of these road transport programmes have had any effect on the productivity of firms.
Additionally, we also look at the impact of agglomeration effects, measured by employment density, on productivity. Preliminary estimations showed that this impact was non linear and we explore this relationship in the paper.
We approach productivity indirectly by using individual wages allocated at the NUTS III level that correspond to provinces in Spain. Therefore, we estimate a wage equation with worker level data. We use a repeated cross-section of individual micro-data for the years 1995, 2002 and 2006 . The availability of interprovincial travel time data for each of the three years allows controlling for transport improvements over the period, by using a market potential variable. The fact that our spatial unit of analysis is the province provides a lower variability of market potential than in the case of using municipalities but, on the other hand, provinces approach much better than municipalities the boundaries of existing local labour markets. This paper is organised in six sections. The next section reviews relevant literature and explains the strategy followed. In section three, the characteristics of the dataset used are explained as well as the changes in accessibility that take place during the study period. Sections four and five show the estimated equations and the derived results. A final section draws the main conclusions.
Related literature and selected strategy
The effect of economies of agglomeration on productivity has been the subject of a large empirical literature as reviewed in Rosenthal and Strange (2004) . However, it was not until the last decade that a theoretical body was developed to explain the microfoundations of the economies of agglomeration beyond the Marshallian triad (Duranton and Puga, 2004) . The classification of these microfoundations as "sharing", "matching" and "learning" has become widely accepted. Additionally, the seminal work by Krugman (1991) that set the basis for the "new economic geography", established the relation between economies of scale, transport costs and factor mobility that determines the concentration of activity. This line of work offers new insights into the relationship between accessibility and the location of activity.
A basic framework to establish the relationship between productivity and agglomeration economies is provided by . We consider a firm j producing in region r and sector s that uses labour l and a composite of other inputs k with a technology described by the following Cobb-Douglas production function. A j is a Hicksneutral factor augmenting technological level, and s j is a labour efficiency index.
 
The firm's profit is given by:
where w j is the wage and r j the price of other inputs.
The following expression is obtained for the wage of worker j after applying first order conditions and substituting:
It is also possible to derive expressions (4) and (5) for average productivity of labour as well as total factor productivity.
The last three expressions give us a guide to the channels through which productivity is affected by economies of agglomeration. Some of the effects may arise from pure externality effects as A j and s j capture. Technological and human capital externalities through learning may help to spill over knowledge and skills to enhance worker productivity. But improved matching effects may also be reflected in higher total factor productivity. Other effects show up in the prices of output p j and inputs k j . A higher price of output translates to higher wage which in turn contributes to a higher agglomeration. Regarding inputs, a large number of accessible suppliers may reduce r j .
Conversely, an inelastic supply of an input will induce input price increases as the agglomeration of the firms demanding the input grows.
The measurement of economies of agglomeration has followed several strategies. The most obvious is the estimation of production functions that directly establish a link between productivity and agglomeration effects. Most of the early work on agglomeration effects used this strategy. The available evidence makes it possible to establish an increase in range of productivity of between 3%-8% when doubling city size (Rosenthal and Strange, 2004) . Most of this work used aggregated data and did not control for the two biases found in the estimation of agglomeration economies, simultaneity bias and unobserved heterogeneity. The first study to carefully deal with these endogeneity issues was Ciccone and Hall (1996) , who used an instrumental
variables strategy. Instruments are long lagged agglomeration variables under the assumption that the location of agglomeration 100-150 years ago may explain current locations but not current productivity. More recent work with establishment micro data can approach much better the theoretical models and deal with the endogeneity issues.
Henderson (2003) and Martin et al. (2011) are two of the best examples. Both studies
show that the effect of the size of total nearby employment (urbanization economies) is less important than the size of employment of the own industry (localization economies)
1 . An interesting point of the work of Martin et al. (2011) is that they find a non-linear effect of agglomeration in line with the work by Henderson and Au (2006) for Chinese cities.
Given the difficulties involved in estimating production functions, different estimation strategies have been followed to indirectly estimate the relation between productivity and agglomeration effects as reviewed by Rosenthal and Strange (2004) . One of the most explored is based on equation (3). This implies the estimation of a wage equation
as follows:
where js w is the wage in region j and industry s, den j is the density of employment of region j (employees per unit of land area), and ir  is a random disturbance term.
Estimating wage equations has the advantage that wages are measured more precisely than average labour productivity and total factor productivity. A number of papers have followed this strategy to test the hypothesis that wages are higher in denser areas due to the effects of agglomeration economies. Nonetheless, other explanations can be adduced for the higher productivity of workers in larger markets.
The most obvious candidate is the existence of a sorting effect where non observable skill characteristics can be better rewarded in larger markets. In this case, the higher productivity of denser markets is the result of the concentration of highly skilled workers. From the supply side, a higher nominal wage should be needed to compensate workers for the higher living costs in denser areas. But firms will only be willing to offer a higher wage if productivity advantages due to agglomeration justify a higher reward.
The available evidence shows a robust positive relation between wage and density 2 . In the case of American studies, Glaeser and Mare (2001) find that controlling for observable worker characteristics, the urban wage premium using different data sets is about 25%. When introducing worker fixed effects the premium drops to 5%-10% depending on the dataset. Wheeler (2001) estimates an elasticity of 2.7% with respect to MSA population. Yankow (2006) finds a 19% premium for those workers residing in cities of over 1 million, but when unobserved heterogeneity is controlled for by using fixed effects, the large cities premium reduces to 6%. Both Glaeser and Mare (2001) and Yankow (2006) find that the sorting of skilled individuals partly explains the higher wage in large cities, but a premium still persists.
In the case of European countries, several recent studies have found evidence of a positive effect of density on wages. Most notably, use a large panel of French workers residing and working in 346 employment zones. Estimating with instruments and worker fixed effects to control for unobserved heterogeneity, they find an effect of density of 3%. Mion and Naticchioni (2009) , for the case of Italian provinces, control for both workers and firm heterogeneity by using an employeremployee matched dataset. They find an elasticity of 2.2% when estimating with OLS, which is low in comparison with previous studies. The authors argue that the low elasticity is related to the centralized Italian wage bargaining system where sectors are subject to nationally binding conditions like minimum wages. When introducing workers fixed effects and firm size to control for firm heterogeneity, the wage elasticity drops to 0.56%. Controlling for endogeneity by using IV estimators, density falls to 0.2%. Finally,
Melo and Graham (2009) do not find very different results for Britain using a panel and
Travel-To-Work Areas. The elasticity of employment density when estimating by OLS amounts to 2.2%. When introducing workers fixed effects the estimated elasticity is 1% and the IV estimation reduces the elasticity to 0.8%.
The main focus of interest of the present paper is the effect of market potential as a way to capture the effects of accessibility to inputs and output markets on productivity and wages. As far as accessibility changes are related to transport improvements, the effect of market potential can provide a measure of the effects of transport improvements on productivity.
2 Here we only refer to studies using microdata.
The effect of transport improvements on productivity have been approached from different perspectives in the existing literature. Since Aschauer's (1989) contribution, a large number of articles have been published that have sought to disentangle the effects of public capital on aggregate productivity both on a national and regional level.
Nonetheless, over the last two decades a new focus has been given to transportation infrastructure effects with the development of the new economic geography (Krugman, 1991; Fujita et al., 1999) .
While the former approach deals with infrastructure as a production factor, the new theories put the emphasis on the relation between transport costs and economies of scale. This implies that transportation infrastructure is an important ingredient to the extent that it affects transport costs and accessibility to output and input markets.
Better accessibility to inputs may reduce the price paid by firms if they cover part of the transport costs. This may have scale effects that have a positive effect on productivity if there are economies of scale.
Regarding output, better accessibility means widening the spatial scope of markets, which increases the effects of existing economies of scale. On the other hand, better accessibility exposes firms to more intense competition. In the long run, some firms will exit the market, which will increase market shares and economies of scale for the remaining firms. Despite the fact that the number of firms decreases, the more intense competition due to better accessibility will lead to lower mark-ups and prices.
Productivity may also increase due to a selection effect as a result of increased competition. Less productive producers are forced out of the market, giving rise to a selection effect in which only the more efficient firms remain in the market.
But changes in accessibility may also affect agglomeration economies. On the one hand, better accessibility may attract new and relocating firms, causing clustering of activities in places that are positively affected by accessibility changes. On the other hand, transport improvements may reduce the cost of benefitting from agglomeration economies generated by widening the spatial scope of agglomeration benefits.
Consequently the effects of agglomeration on productivity/wages will be enhanced (Holl, 2006) . increases the elasticity to 5.8%. Again, the effect of market potential is far higher than that of employment density.
In the case of Spain, some studies have estimated a positive albeit reduced effect of accessibility on productivity. Most of these studies follow the strategy of indirectly approaching productivity effects from firm births. Holl (2004) , using data on new firms by municipality for the 1980-94 period, finds a significant effect of attraction of new firms for those municipalities which experience an increase in accessibility to the newly built motorway network. This effect is reduced with distance from the network. Other authors like Alañón and Arauzo (2008) and Arauzo (2005) However, as far as we know there has been no study that has estimated the effect of agglomeration and accessibility on productivity using micro-data. Our paper seeks to fill this gap by estimating a wage equation with individual worker data. The choice of the wage equation strategy is selected given the quality of the wage data in comparison with the data available on firm surveys. The advantages of wage data come from a higher number of control variables and, mainly, a more detailed spatial disaggregation.
In order to measure those effects we use an employment density variable in line with the literature reviewed and a market potential variable to approach accessibility.
Additionally, a specialization index is introduced to control for intraindustry externalities and an aggregate index of education level is also included to control for possible human capital externalities.
Data
We use micro-data on individual wages from the Spanish Structure of Earnings Survey The spatial variables used in the analysis are detailed in Table 2 Table 3 in the text offers the coefficients estimated for the variables of interest to our analysis. This Table shows that market potential, specialization and human capital all have a positive effect on productivity with elasticity values that are roughly in line with empirical evidence for OLS equations. As for employment density, we obtain a positive sign for the first coefficient and a negative one for its square, which are both highly statistically significant.
It has to be noted that the coefficients of interest are highly stable to the selection of control variables. However, as has been largely documented, the OLS estimates can be flawed due to possible endogeneity problems. As explained in Section 2, in our context the potential sources of endogeneity can not be neglected . The results are presented in Table 4 . When dealing with estimation by instrumental variables, the problem of weak instruments emerges as a well documented issue in the econometric literature. Weak correlation between the instrument and the endogenous variable can make estimation by IV far worse than estimation by OLS. In our case, the hypothesis of weak instruments was tested by using the partial R-square. As Table 5 shows, in all cases the partial R-square is high enough to reject weak instruments and, therefore, the IV estimates can be considered valid. The Hausman test rejects the null hypothesis of exogeneity 10 . 9 The underlying hypothesis for this instrument is that those between 5 and 9 years of age in 1991 will be 15 and 19 years of age ten years of later. They could not be employed ten years later with a university degree. Conversely, the population between 15 and 19 years of age in 1991 can be employed ten years later with a university degree. Therefore, the larger the share of population between 15 and 19 in 1991, the larger the percentage of working population with a tertiary degree ten years later, and the larger the share of population between 5 and 9 years of age in 1991, the lower this percentage ten years later. Comparing the coefficients estimated by OLS and IV reveals that endogeneity can affect elasticities. Overall, estimating by IV reduces the estimated coefficients for the spatial variables with a larger effect on service industries in comparison with manufacturing sectors. We find that human capital presents the largest endogeneity bias. The coefficient for market potential slightly decreases for the manufacturing sector whereas for the service sector the reduction is much more pronounced. The effect on the specialisation coefficient is almost unnoticeable for manufacturing and again stronger for service industries. As for density, the effect of endogeneity is relatively small when the compound effect of the two coefficients is computed.
Results
The estimated equations confirm that, after controlling for individual and firm characteristics, all the spatial variables included in the equation have a significant effect on firm productivity, indirectly approached by wages. Firstly, we find a positive and significant effect of road accessibility, measured through market potential, on wages with a similar impact on manufacturing and service industries. Secondly, market size positively influences productivity, although the effect is non linear and follows a different pattern for manufacturing and services. Thirdly, there is evidence of positive human capital externalities even after controlling for individual educational level.
Fourthly, significant benefits are derived from economies of localisation and, finally, the distance to the French border is significant for manufacturing but only marginally for services. Table 6 shows the elasticities of wages with respect to the spatial variables in the equation. Market potential shows the highest effect on wages with an elasticity value of around 8.5%. Although this value is higher than the value of 4.6% reported by Mion and Naticchioni (2008) and that of 2.4% by Combes et al. (2009) , it has proven highly robust to the different specification we have explored and is clearly in line with a mean elasticity of 10.1% and a median elasticity of 7.6% reported in the meta-analysis by . An elasticity value of around 4% for the specialization index provides evidence of significant intraindustry externalities in the case of Spanish provinces. As for the education level (share of working population with tertiary degree)
we found an elasticity value of 5.8% for manufacturing and 3.3% for service industries.
It is important to remark that the estimated equation already includes the individual educational level; therefore, in our context, the level of education of the province can be interpreted as an approximation of human capital externalities. Given that we have specified a non-linear function for employment density, the elasticity is not constant. We have computed the effect of density on wages for a range of values that comprises all the observed values in the sample. Figure 5 shows that the relationship between density and wages is clearly non-linear for low levels of density and almost becomes flat after density has reached a certain threshold. Table 6 reports the elasticity for the minimum, mean and maximum values of employment density in the sample. The computed elasticities show that those areas with low employment density can obtain substantial benefits from urban agglomeration, whereas the benefits are almost null in those provinces with high density levels. For the service sector, congestion costs appear to offset the benefits from agglomeration after a value of 214 workplaces per square kilometre. The size of elasticity for the mean sample value is around 2%, in line with the most recent estimates.
Conclusions
We estimate a wage equation with individual data from Spanish workers in order to provide evidence for the effect of spatial externalities and, particularly, the impact of agglomeration and road accessibility on the performance of firms. We control for a large set of individual and firm variables and for the main spatial (local) characteristics that are known to contribute to the explanation of productivity differences. From an econometric viewpoint, accounting for endogeneity by using the instrumental variables approach results in some changes in the estimated coefficients of the spatial variables.
Increasing market size gives rise to productivity gains. However, the effect is non-linear with stronger externalities for low density provinces, albeit with a different pattern for the manufacturing and service sectors. Localisation economies also play a role in explaining wage differences.
Interurban accessibility plays the most important role in explaining wage (productivity) disparities. Our results support previous empirical findings that accessibility improvements positively affect firms' productivity (Graham, 2007) . Therefore, road investments that increase market potential through reductions in travel time are likely to have a positive effect on productivity. Such external effects should be added to the benefits measured in the traditional CBA as a part of what is usually called wider economic benefits. Nonetheless, we want to stress that the elasticity of productivity with respect to accessibility is small and its effects are subject to effective reductions in travel time. The additional external benefits will depend on the characteristics of the investment project.
This paper measures the direct effects of accessibility on wages through market potential. However, in order to approximate the final effect of accessibility it would be necessary to take the feedback effects into account: Increasing accessibility increases productivity and, as a consequence, market potential. In a second round this increase in market potential further increases productivity and so on. In this context, the final elasticity wage-market potential would be higher than the first round effect, which is the elasticity of 0.08 estimated in the paper. 
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